fluid, Baker's formol with cadmium chloride, or osmium tetroxide. When excised, the reproductive tract was loosely lashed to a microscope slide to maintain anatomical relationships before fixation. Fixation in situ ensured that tissues remained normally apposed and served as a control on anatomical relationships. Fixed tissues were dehydrated in ethanol, cleared in benzene and infiltrated with paraffin wax. Whether excised or fixed in situ, tissues were of the same quality.
The entire reproductive tracts of two specimens (collected in September and October) were serially sectioned at 10 µ from the posterior margin of the cloaca to the anterior end of the vas deferens. For the other specimens, only the central third (about 1 cm) of the tract was embedded and serially sectioned at 10 µ , and every 50th section mounted. Sections were stained with haematoxylin and eosin, Heidenhain's haematoxylin or Mallory's aniline blue technique.
The reproductive tracts of males collected during April-July (14 specimens) did not contain spermatozoa, although the lumen of the vas deferens increased from approximately 10 µ in April to 200 µ in diameter during July. During August-October (10 specimens) the numbers increased until the lumina of the vasa deferentia were packed with spermatozoa. The vasa deferentia during
August were approximately 250 µ in diameter and one-third to one-half filled with spermatozoa; during September, they were 300 µ in diameter and one-half to three-quarters filled; and during October, they were 300-433 µ in diameter and packed with spermatozoa. The vasa deferentia of the November sample (2 specimens, postbreeding) were reduced in size (approximately 175 µ diameter) and contained few spermatozoa (< 100/section).
Spermatozoa were seen within the testis, epididymal tubules, vasa deferentia, cloacal tube and cloacal chamber of all 10 specimens examined during the prebreeding period (August-October).
Within the lumina of the testicular lobules and the central testicular duct spermatozoa were present singly and in groups (PI. 1, Fig. 2 Figs 1 and 4) . In each cylinder all spermatozoa were orientated in the same direction and mostly in register with one another: head-to-head and tail-to-tail (PI. l. Fig. 5 ).
Cylindrical groups were most prevalent in the central and posterior regions of the vas deferens and most pronounced when only a moderate number of spermatozoa were present. As the number of spermatozoa increased during September, and particularly during October, cylindrical sperm associations became less distinct.
In the vas deferens, the hollow cylindrical bodies appeared randomly arranged; sometimes the long axis was parallel (appearing as a series of circles in cross-sections of the vas) (PI. 1, Fig. 4 ) or perpendicular (appearing as a spoked wheel pattern in cross-sections) (PI. 1, Fig. 1 ) to the long axis of the vas deferens.
The distinctness of sperm associations in the male reproductive tract of salamanders has probably been overlooked because of their superficial similarity to groups seen in the testis. Sperm groups in the testis are the result of the developmental association of a group of spermatids and their supportive Sertoli cells (Kingsbury, 1902 ; PI. 1, Fig. 1 ). At least some of these groups persist in the testicular lobules and the central duct of the testis after being released from the Sertoli cells (PI. 1, Figs 2 and 3) . To reach the vas deferens spermatozoa must pass through one of a series of epididymal ducts. Since sperm groups were not seen in epididymal tubules, presumably too narrow (approx. 20 µ in diam.) to accommodate their passage, spermatozoa in these groups must dissociate before passing individu¬ ally through the epididymal ducts. Within the vas deferens at least some of the spermatozoa re¬ grouped into new formations, which had a much tighter coil than those found in the testes, forming circles approximately 50 µ in diameter (PI. 1, Figs 1 and 4) . Since E. longicauda spermatozoa are ap¬ proximately 475 µ long (Wortham, 1975) , each spermatozoon could make at most three revolutions per cylinder.
As the vas deferens filled with spermatozoa these cylindrical associations were packed tighter, forming a more regular pattern (PI. 1, Fig. 1 ). Cylindrical arrangements were obscured in animals killed during September and October as large numbers of spermatozoa accumulated in the vas deferens during this prebreeding period. However, some cylindrical associations formed in the vas deferens persisted to reach the cloacal tube, and cloacal chamber. Cylindrical associations have been observed in the female spermatheca of a few salamanders (Benson, 1968; Deickmann, 1927; Marynick, 1971) but have not so far been reported in the spermatophore of any salamander. The function of these sperm associations in the male has not been determined. However, similar sperm associations in the female's spermatheca have been postulated to have a nutritive function (Marynick, 1971 Fig. 3 . Central testicular duct, containing sperm groups, opening into the empty epididymal duct, xl 10. 
